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SUMMARY provide  a p r e s s u r e  s i g n a l  s u i t a b l e  f o r  
engine  c o n t r o l .  
F l i g h t  t e s t  r e s u l t s  of an e n g i n e  
i n l e t  s t a t i c  p r e s s u r e  probe (pS2)  on t h e  
hub of an F100 engine  i n  an  F-15 a i r -  
p l a n e  showed t h a t  a s i n g l e  s t a t i c  p r e s -  
s u r e  measurement c o r r e l a t e d  w e l l  w i t h  
d i s t o r t i o n  f a c t o r s  f o r  b o t h  l o w -  and 
h i g h - d i s t o r t i o n  c o n d i t i o n s .  For l o w -  
d i s t o r t i o n  c o n d i t i o n s ,  t h e  r a t i o  of  
engine- face  t o t a l  p r e s s u r e  t o  s t a t i c  
p r e s s u r e  (PT2/PS2) agreed  w e l l  w i t h  pre-  
v i o u s  a l t i t u d e  f a c i l i t y  d a t a .  D i s t o r -  
t i o n  of  t h e  i n l e t  a i r f l o w  w a s  o b t a i n e d  
by t h e  o f f - s c h e d u l e  o p e r a t i o n  of t h e  
i n l e t  t h i r d  ramp w i t h  c o n s t a n t  t h r o t t l e  
a t  s t e a d y - s t a t e  f l i g h t  c o n d i t i o n s .  D a t a  
from f o u r  s e p a r a t e  ramp e x c u r s i o n s  which 
caused  f o u r  e n g i n e  s t a l l s  showed t h a t  
t h e  d i s t o r t i o n  f o r  t h e s e  h i g h l y  d i s -  
t u r b e d  f low c o n d i t i o n s  w a s  predominant ly  
c i r c u m f e r e n t i a l  and n o t  r a d i a l .  The 
PT2/PS2 p r e s s u r e  r a t i o  c o r r e l a t e d  w e l l  
w i t h  t h e  c i r c u m f e r e n t i a l  d i s t o r t i o n  f a c -  
t o r  ( K O ) ,  t h e  €an d i s t o r t i o n  f a c t o r  
( K A 2 ) ,  and t h e  maximum-minus-minimum- 
over-average d i s t o r t i o n  f a c t o r  (DTMM). 
INTKODUCTION 
Knowledge o f  t h e  p r e s s u r e  c o n d i t i o n s  
a t  t h e  e n g i n e  f a c e  and t h e  measurement 
t e c h n i q u e s  r e q u i r e d  t o  d e f i n e  t h e s e  con- 
d i t i o n s  i s  i m p o r t a n t  f o r  t h e  e f f i c i e n t  
o p e r a t i o n  o f  a n  a i r - b r e a t h i n g  p r o p u l s i o n  
system. A measurement of  p r e s s u r e  a t  
t h e  e n g i n e  f a c e  i s  a d e s i r a b l e  engine  
c o n t r o l  p a r a m e t e r ,  b u t  i t s  a c c u r a t e  
measurement r e q u i r e s  a s t e a d y - s t a t e  r a k e  
which i s  complex and r e q u i r e s  many p r e s -  
s u r e  s e n s o r s .  A s i n g l e  t o t a l  p r e s s u r e  
probe may be used,  b u t  i s  s u b j e c t  t o  
e n g i n e - f a c e  f l o w  d i s t o r t i o n  and may n o t  
g i v e  a n  a c c u r a t e  measurement. An al ter-  
n a t e  method of de te rmining  engine- face  
p r e s s u r e  i s  to  measure t h e  s t a t i c  p r e s -  
s u r e .  S t a t i c  o r i f i c e s  on t h e  d u c t  w a l l  
are s u b j e c t  t o  t h e  same d i s t o r t i o n  
i n f l u e n c e s  as t o t a l  p r e s s u r e  probes .  
However, a s i n g l e  s t a t i c  p r e s s u r e  
measurement upstream of  t h e  e n g i n e  hub 
i n  t h e  stream f low h a s  been found t o  
A probe f o r  measuring s t a t i c  p r e s -  
s u r e  (PS2) was des igned  f o r  and mounted 
on t h e  F100-PW-100 t u r b o f a n  e n g i n e  f o r  
e v a l u a t i o n  i n  t h e  NASA L e w i s  Research 
Center  a l t i t u d e  f a c i l i t y  ( r e f .  1 ) .  This  
same probe w a s  t h e n  e v a l u a t e d  on an F-15 
t e s t  a i r c r a f t  i n  f l i g h t  ( r e f .  2 )  a t  t h e  
NASA Ames Research C e n t e r ' s  Dryden 
F l i g h t  Research F a c i l i t y .  The probe was 
a l s o  used as a s t a t i c  p r e s s u r e  s e n s o r  
f o r  a d i g i t a l  e lectronic  engine  c o n t r o l  
system ( r e f .  3 ) .  
Most of t h e  PS2 f l i g h t  d a t a  were 
a c q u i r e d  wi th  t h e  i n l e t  ramps o p e r a t i n g  
on t h e i r  normal s c h e d u l e ,  which r e s u l t e d  
i n  low v a l u e s  of t o t a l  p r e s s u r e  d i s t o r -  
t i o n  a t  t h e  e n g i n e  f a c e .  I n  o r d e r  t o  
p r o v i d e  h i g h e r  d i s t o r t i o n  l e v e l s ,  t h e  
i n l e t  t h i r d  ramp w a s  moved t o  o f f -  
s c h e d u l e  p o s i t i o n s .  This  reduced t h e  
i n l e t  t h r o a t  area and i n c r e a s e d  t h r o a t  
i n l e t  Mach number and engine- face  d i s -  
t o r t i o n  u n t i l  t h e  engine  s t a l l e d .  
The piirpose of t h i s  report  i s  t o  
e v a l u a t e  measurements made a t  t h e  engine  
f a c e  under c o n d i t i o n s  of d i s t o r t i o n  
h i g h e r  than  p r e v i o u s l y  r e p o r t e d .  The 
d a t a  e v a l u a t i o n  r e l a t e d  s e v e r a l  d i s t o r -  
t i o n  f a c t o r s  t o  engine- face  t o t a l  t o  
s t a t i c  p r e s s u r e  (PT2/PS2). Engine-face 
maps a r e  p r e s e n t e d  f o r  some of t h e s e  
c o n d i t i o n s  . 
NOMENCLATURE 
b f a c t o r  P r a t t  & Whitney r a d i a l  d i s t o r -  
t i o n  weight ing  f a c t o r  
DTMM d i s t o r t i o n  f a c t o r  = (PT2MAX 
- PT2MIN)/PT2AVG 
f f u n c t i o n  
KA2 f a n  d i s t o r t i o n  f a c t o r ,  KA2 
= K8 + b(KRA2) 
K R A 2  r a d i a l  d i s t o r t i o n  f a c t o r  
KO c i r c u m f e r e n t i a l  d i s t o r t i o n  
f a c t o r  









power l e v e r  a n g l e  
s t a t i c  p r e s s u r e  0.457 m 
(17.992 i n )  ahead  of i n l e t  
gu ide  vanes ,  kPa ( p s i a )  
t o t a l  p r e s s u r e ,  kPa (ps i a )  
f r ee - s t r eam t o t a l  pressure,  
kPa ( p s i a )  
t o t a l  p r e s s u r e  a t  t h e  engine-  
f a c e  s t a t i o n ,  kPa ( p s i a )  
average  v a l u e  of t o t a l  p r e s -  





kPa ( p s i a )  
maximum va lue  of  t o t a l  pres- 
s u r e  a t  eng ine  f a c e ,  kPa 
( p s i a  1 
minimum v a l u e  of t o t a l  pres- 
s u r e  a t  e n g i n e  f a c e ,  kPa 
( p s i a )  
RAMP3L l e f t  i n l e t  t h i r d  ramp a n g l e ,  
deg 
WAC corrected eng ine  a i r f l o w ,  
W 2 G / 6  t 2  , kg/sec  ( lb/sec ) 
WAC , (WAC/98.43)100, where d e s i g n  
p e r c e n t  c o r r e c t e d  e n g i n e  a i r f l o w  
= 98.43 kg/sec  
(217.0 l b / s e c )  
w2 eng ine  a i r f l o w ,  kg / sec  
( l b / s e c  
6 t 2  c o r r e c t e d  ave rage  eng ine - face  
t o t a l  p r e s s u r e  r a t i o  
u t 2  c o r r e c t e d  ave rage  eng ine - face  
t empera tu re  r a t i o  
Super  s c r i p ts : 
- t ime-averaged d a t a  
F l i g h t  t e s t  d a t a  w e r e  a c q u i r e d  u s i n g  
a n  F-15 a i r c r a f t  ( f i g .  1 )  a t  t h e  NASA 
A m e s  Research C e n t e r ' s  Dryden F l i g h t  
Research  F a c i l i t y .  The F-15 a i r c r a f t  i s  
a high-performance, twin-engine f i g h t e r ,  
c a p a b l e  of speeds  t o  Mach 2.5. I t  h a s  a 
high-mounted sweptback wing, t w i n  v e r -  
t i c a l  s t a b i l i z e r s ,  and a h o r i z o n t a l  s t a -  
b i l a t o r .  
Propulsion System 
Engine 
The F100-PW-100 eng ine  ( f i g .  2 )  1s 
a l o w  b y p a s s - r a t i o  (0 .8 )  , twin-spool ,  
a f t e r b u r n i n g  tu rbofan .  The t h r e e - s t a g e  
f a n  i s  d r i v e n  by a two-stage,  l o w -  
p r e s s u r e  t u r b i n e .  The 10-s tage ,  h igh -  
p r e s s u r e  compressor i s  d r i v e n  by a t w o -  
s t a g e ,  h i g h - p r e s s u r e  t u r b i n e .  The 
e n g i n e  i n c o r p o r a t e s  compressor i n l e t  and 
rear compressor v a r i a b l e  vanes t o  
a c h i e v e  h i g h  per formance  o v e r  a w i d e  
r a n g e  of p o w e r  s e t t i n g s .  Con t inuous ly  
v a r i a b l e  t h r u s t  augmenta t ion  is p rov ided  
by a mixed-flow a f t e r b u r n e r  t h a t  i s  
exhaus ted  th rough  a v a r i a b l e - a r e a  
c o n v e r g e n t - d i v e r g e n t  nozz le .  The F100 
e n g i n e  ( S e r i a l  Number P680059) t h a t  had 
been p r e v i o u s l y  c a l i b r a t e d  i n  a n  a l t i -  
t u d e  f a c i l i t y  f o r  t h r u s t  and a i r f l o w  
( r e f .  4 )  w a s  i n s t a l l e d  on  t h e  l e f t  s ide  
of  t h e  a i r c r a f t  w i t h  t h e  PS2 probe 
mounted on t h e  hub. 
Inlet 
The F-15 a i r c r a f t  h a s  t w o  s i d e -  
mounted e n g i n e  i n l e t s  which are of a 
two-dimensional h o r i z o n t a l  ramp d e s i g n  
( f i g .  3 ) .  The i n l e t s  p r o v i d e  e x t e r n a l  
compress ion  w i t h  t h r e e  ramps which f e a -  
t u r e  a v a r i a b l e  capture area by r o t a t i n g  
t h e  i n l e t  a b o u t  a t r a n s v e r s e  h i n g e  p o i n t  
a t  t h e  l o w e r  c o w l  l i p .  The ramps and 
bypass  d o o r s  are a u t o m a t i c a l l y  schedu led  
by t h e  a i r  i n l e t  c o n t r o l l e r .  For  t h e  
d i s t o r t i o n  d a t a  p r e s e n t e d  i n  t h i s  report ,  
t h e  t h i r d  i n l e t  ramp w a s  c o n t r o l l e d  
manual ly  i n  f l i g h t  i n  o r d e r  t o  v a r y  t h e  
t h i r d  ramp a n g l e  i n  increments .  
I DATA ACQUISITION AND REDUCTION 
The g e n e r a l  d a t a  p a r a m e t e r s  recorded  
f o r  t h e  t es t  f l i g h t s  c o n s i s t e d  o f :  t h e  
s t a n d a r d  a i r  d a t a  measurements; a n g l e s  
of a t t a c k  and s i d e s l i p ;  and engine  
parameters such a s  rpm, t h r o t t l e  p o s i -  
I t i o n ,  gu ide  vane p o s i t i o n ,  f u e l  f lows ,  
n o z z l e  p o s i t i o n ,  i n l e t  v a r i a b l e  geometry 
p o s i t i o n ,  eng ine - face  and t u r b i n e -  
d i s c h a r g e  p r e s s u r e s .  A l l  s t e a d y - s t a t e  
d a t a  measurements were recorded  d i g i -  
~ t a l l y  by a p u l s e  code modulation sys tem.  
Befo re  t h e  d a t a  w e r e  reduced,  p r e t e s t  
I and p o s t - t e s t  z e r o  c o r r e c t i o n s  and power 
supply  v o l t a g e  c o r r e c t i o n s  were made and 
a p p l i e d  t o  t h e  r a w  d a t a .  
i 
, Engine Hub-Mounted PS2 Probe 
S t a t i c  p r e s s u r e  a t  t h e  engine  f a c e  
w a s  measured wi th  f o u r  p o r t s  on a s i n g l e  
s i n g l e  p r e s s u r e  l i n e .  The f o u r  p o r t s  
on t h e  p robe  were l o c a t e d  0.457 m 
vanes and t h e  p robe  w a s  mounted on  t h e  
e n g i n e  hub ( f i g s .  4 ( a )  t o  4 ( c ) ) .  To 
i n c r e a s e  measurement conf idence ,  t h e  
s i n g l e  PS2 p r e s s u r e  l i n e  from t h e  hub- 
mounted p r o b e  was connected t o  t h r e e  
p r e s s u r e  l i n e s  of equa l  l eng th .  The 
by t h r e e  k41368.5 N/m2d (k6 p s i d )  d i f -  
f e r e n t i a l  p r e s s u r e  t r a n s d u c e r s ,  t h e  
v a l u e s  of which w e r e  ma themat i ca l ly  
ave raged  a n d  added t o  an  a b s o l u t e  r e f e r -  
ence  p r e s s u r e  ( f i g .  4 ( c ) ) .  
Engine-Face Total P r e s s u r e  Probes 
I 
I 
p r o b e  900 a p a r t  and manifolded t o  a 
(17.992 i n )  i n  f r o n t  of t h e  i n l e t  guide 
I p r e s s u r e  from t h e s e  l i n e a  was measured : 
I 
The t o t a l  p r e s s u r e  a r r a y  a t  t h e  
e n g i n e  f a c e ,  engine  s t a t i o n  2, was 
mounted i n  t h e  i n l e t  guide vanes of t h e  
e n g i n e  ( f i g s .  4 ( a )  and 4 ( b ) ) .  The a r r a y  
c o n s i s t e d  of seven r a k e s ,  each having 
f i v e  t o t a l  p r e s s u r e  p robes  l o c a t e d  a t  
measurement accu racy ,  f 4  1368.5 N/m2d 
(f6 p s i d )  d i f f e r e n t i a l  p r e s s u r e  t r a n s -  
d u c e r s  w e r e  used.  Reference p r e s s u r e  
t 
I t h e  c e n t e r  of e q u a l  areas. To improve 
f o r  t h e  d i f f e r e n t i a l  p r e s s u r e  t r a n s -  
d u c e r s  was s t a b i l i z e d  by t h e  u s e  of a 
r e s e r v o i r  t a n k  t h a t  was p r e s s u r i z e d  by 
an  i n l e t  w a l l  s t a t i c  and measured by a 
0 t o  344737.9 N/m2a (0 t o  50 p s i a )  high-  
accu racy ,  d i g i t a l ,  q u a r t z  t r a n s d u c e r  
( s e e  schemat ic  of p r e s s u r e  instrumen- 
t a t i o n ,  f i g .  4 ( c ) ) .  A l l  of t h e  t r a n s -  
duce r s  were i n  an environment t h a t  was 
t e m p e r a t u r e  c o n t r o l l e d .  
P r e c i s i o n  of D a t a  
The i n s t r u m e n t a t i o n  e r r o r  sou rces  
a r e  given i n  t a b l e  1. A l l  of t h e  error 
s o u r c e s  a r e  p r e d i c t e d  random e r r o r s .  
The e r r o r s  shown i n c l u d e  t h o s e  a s s o c i -  
a t e d  w i t h  s h i f t s  because of tempera ture  
s e n s i t i v i t y ,  t e m p e r a t u r e  z e r o  s h i f t ,  
l i n e a r i t y  and  h y s t e r e s i s ,  r e p e a t a b i l i t y ,  
and a c c e l e r a t i o n .  The t y p i c a l  e r r o r  i n  
f a n  d i s t o r t i o n  a s  a f u n c t i o n  of p r e s s u r e  
e r r o r  w a s  shown i n  r e f e r e n c e  5 t o  be a 
normal 3-percent  e r r o r  i n  f a n  d i s t o r t i o n  
f o r  a 1-percent  e r r o r  i n  p r e s s u r e .  
ENGINE-FACE DATA REDUCTION 
The engine- face  p r e s s u r e  d a t a  t a k e n  
i n  f l i g h t  d u r i n g  c o n d i t i o n s  of h igh  dis- 
t ~ r t i c n  was reduced and used i n  t h e  c a l -  
c u l a t i o n  of s e v e r a l  d i f f e r e n t  parameters .  
The 35-probe, seven-rake a r r a y  of total 
p r e s s u r e  probes a t  t h e  engine  f a c e  pro-  
v i d e d  t h e  d a t a  necessary  t o  determine 
v a r i a t i o n s  i n  p r e s s u r e  a c r o s s  t h e  f a c e  
of t h e  engine  and t o  a r r i v e  a t  t h e  
a v e r a g e  va lue  of t o t a l  p r e s s u r e  (PT2AVG). 
D i s t o r t i o n  pa rame te r s  were c a l c u l a t e d  
from t h e  same d a t a  u s i n g  a n a l y t i c a l  
methods developed by P r a t t  & Whitney 
A i r c r a f t  Company f o r  t h e  F100 engine.  
The r ake  a r r a y  c o n s i s t e d  of seven r akes  
w i t h  f i v e  p robes  each,  p r o v i d i n g  35 
measurements. The d a t a  r e d u c t i o n  com- 
p u t e r ,  however, r e q u i r e d  40 measure- 
ments. A s imple  s u b s t i t u t i o n  t e c h n i q u e  
u s i n g  a d j a c e n t  measurement va lues  w a s  
employed t o  add f i v e  a d d i t i o n a l  t o t a l  
pressure v a l u e s ;  t h i s  completed t h e  
r e q u i r e d  set  of 40 p r e s s u r e s .  Th i s  s e t  
3 
w a s  u sed  t o  compute t h e  va lues  of  d i s -  
t o r t i o n .  When i n d i v i d u a l  probes became 
i n o p e r a t i v e ,  a rep lacement  va lue  w a s  
c a l c u l a t e d  and  used  i n  t h e  d i s t o r t i o n  
c a l c u l a t i o n .  
For t h e  s t e a d y - s t a t e  d a t a  shown i n  
t h i s  report ,  PT2AVG and PS2 p r e s s u r e  
v a l u e s  w e r e  averaged ove r  5 t o  10 sec t o  
e l i m i n a t e  i n d i v i d u a l  p r e s s u r e  f l u c t u a -  
t i o n s  ; t h e s e  time-averaged p r e s s u r e s  are 
l a b e l e d  PT2AVG and PS2. However, t o t a l  
p r e s s u r e  v a l u e s  used i n  t h e  c a l c u l a t i o n  
of f a n  d i s t o r t i o n  f a c t o r  (KA2), circum- 
f e r e n t i a l  d i s t o r t i o n  f a c t o r  ( K e ) ,  and 
r a d i a l  d i s t o r t i o n  f a c t o r  ( K R A 2 )  w e r e  n o t  
averaged  over t i m e ,  b u t  w e r e  de te rmined  
from one t i m e  frame on ly .  The e q u a t i o n s  
used i n  t h e  c a l c u l a t i o n  of  t h e  d i s t o r t i o n  
descr iptors  are g i v e n  i n  r e f e r e n c e  6 and 
shown i n  t a b l e  2. These d i s t o r t i o n  f a c -  
tors c o n s i s t  o f  t h e  f a n  c i r c u m f e r e n t i a l  
K8, t h e  f a n  r a d i a l  KRA2, and t h e  o v e r a l l  
f a n  d i s t o r t i o n  f a c t o r  KA2. The r a d i a l  
d i s t o r t i o n  weight ing  f a c t o r  ( b ,  r e f .  6 
and f i g .  5 )  w a s  developed s p e c i f i c a l l y  
f o r  t h e  F100-PW-100 t u r b o f a n  eng ine .  
- - 
The d i s t o r t i o n  fac tor  DTMM c o n s i s t s  
of  t h e  conven t iona l  maximum-minus- 
minimum-over-average t o t a l  p r e s s u r e  
r a t i o  (PT2MAX - PT2MIN)/PT2AVG). The 
e q u a t i o n  fo r  DTMM is a l s o  g iven  i n  
t ab le  2. Values of DTMM w e r e  averaged  
o v e r  t h e  same 5 t o  10 sec as PT2AVG and 
PS2. 
TEST CONDITIONS AND PROCEDURES 
A l l  o f  t h e  d i s t o r t i o n  d a t a  were 
t a k e n  a t  s t a b i l i z e d  Mach numbers of  
0.8 and 0.9 and a t  a l t i t u d e s  of  9140 and 
12,190 m (30,000 and 40,000 f t r  see 
t ab le  3 ) .  The l e f t  i n l e t  t h i r d  ramp w a s  
d r i v e n  i n  steps from t h e  f u l l - u p  posi- 
t i o n  t o  t h e  full-down p o s i t i o n  or u n t i l  
t h e  eng ine  s t a l l e d  ( f i g .  61, w h i l e  t h e  
r i g h t  eng ine  w a s  used t o  ma in ta in  speed 
and a l t i t u d e .  Each new ramp p o s i t i o n ,  
o r  step,  w a s  h e l d  f o r  approx ima te ly  
20 sec, a l l o w i n g  a l l  p r e s s u r e  r a t io s  and 
a i r f lows  t o  s t a b i l i z e  w h i l e  h o l d i n g  
power lever a n g l e  (PLA) c o n s t a n t .  Only 
r u n  2 w a s  performed a t  a PLA s e t t i n g  
below i n t e r m e d i a t e  power; hence ,  r u n  2- 
corrected eng ine  a i r f l o w  w a s  lower t h a n  
t h e  maximum corrected a i r f l o w  t h a t  w a s  
ava i l ab le  t o  t h e  eng ine  d u r i n g  the o t h e r  
t h r e e  d i s t o r t i o n  runs.  
RESULTS AND DISCUSSION 
Low D i s t o r t i o n  
The PS2 s t a t i c  p r e s s u r e  probe w a s  
t e s t e d  i n  a n  a l t i t u d e  f a c i l i t y  on a n  
F100 eng ine  and i n  f l i g h t  i n  t h e  i n l e t  
o f  a n  F-15 a i r p l a n e .  S t e a d y - s t a t e  
reduced  power d a t a  o b t a i n e d  a t  Mach 0.9 
and  a n  a l t i t u d e  of  12,190 m (40,000 f t )  
were compared w i t h  d a t a  o b t a i n e d  from a 
d i f f e r e n t  e n g i n e  i n  a n  a l t i t u d e  f a c i l i t y .  
The d a t a  from f l i g h t  and t h e  a l t i t u d e  
f a c i l i t y  compared PT2AVG/PS2 p r e s s u r e  
r a t i o  w i t h  corrected eng ine  a i r f l o w  
(WAC, p e r c e n t )  and  showed t h a t  no meas- 
u r a b l e  s h i f t  i n  PT2AVG/PS2 o c c u r r e d  w i t h  
chang ing  a i r f l o w  (see f i g .  7 and r e f .  2 ) .  
O the r  f l i g h t  t es t  c o n d i t i o n s ,  i n c l u d i n g  
Mach number e x c u r s i o n  and maximum load  
f a c t o r  t u r n s ,  a l so  showed good agreement  
w i t h  p r e v i o u s  a l t i t u d e  f a c i l i t y  t e s t  
r e s u l t s .  
Induced D i s t o r t i o n  
I n c r e a s e d  l e v e l s  of  d i s t o r t i o n  i n  
t h e  i n l e t  w e r e  induced  d u r i n g  f l i g h t  
t e s t  by lower ing  t h e  i n l e t  t h i r d  ramp i n  
a series of s t e p s  (see f i g s .  3 and 6 ) .  
With i n c r e a s i n g  t h i r d  ramp a n g l e ,  t h e  
i n l e t  t h r o a t  area w a s  reduced ,  c a u s i n g  
t h e  i n l e t  t h r o a t  Mach number t o  i n c r e a s e .  
When t h i s  happened, t h e  PT2AVG/PS2 pres- 
s u r e  r a t i o  (eng ine - face  Mach number) 
g r a d u a l l y  i n c r e a s e d  u n t i l  e n g i n e  s t a l l  
o c c u r r e d .  The d i s t o r t i o n  factors  KA2, 
- - 
K 8 ,  and  DTMM also i n c r e a s e d  w i t h  i n c r e a s -  
i n g  t h i r d  ramp a n g l e  ( f i g s .  8 ( a )  t o  
8 ( d )  ).  The rad ia l  d i s t o r t i o n  f a c t o r  
KRA2 changed v e r y  l i t t l e .  S i n c e  t h e  f a n  
d i s t o r t i o n  f a c t o r  KA2 = f ( K 8  + b(KRA2)), 
4 
t h e  i n f l u e n c e  of K8 and KRA2 could  be 
s e e n  i n  -2. When t h e  d i s t o r t i o n  f a c -  
t o r  d a t a  from each of t h e  f o u r  ramp 
e x c u r s i o n s  w e r e  combined on one p l o t  
( f i g s .  9 ( a )  t o  9 ( d ) ) ,  t h e  r e p e a t a b l e  
n a t u r e  of each of t h e  d i s t o r t i o n  f a c t o r s  
became e v i d e n t :  KA2 and KO showed l a r g e  
v a l u e s  of d i s t o r t i o n  w i t h  i n c r e a s i n q  
t h i r d  ramp a n g l e  ( f i q s .  9 ( a )  and 9 ( b ) ) ;  
KRA2 showed a change i n  s l o p e  around 18' 
t h i r d  ramp a n g l e  ( f i g .  9 ( c ) ) ;  and DTMM 
d i d  n o t  vary  s i g n i f i c a n t l y  w i t h  t h i r d  
ramp a n g l e  ( f i g .  9 ( d ) ) .  
Engine-Face D i s t o r t i o n  Maps 
The engine- face  d i s t o r t i o n  maps 
( f i g s .  1 0 ( a )  t o  1 O ( f ) )  show i n c r e a s i n g  
p r e s s u r e  d i s t o r t i o n  as t h e  i n l e t  t h i r d  
ramp a n g l e  i s  i n c r e a s e d .  The p r e s s u r e  
p a t t e r n s  change from t h e  r e l a t i v e l y  sym- 
metrical  s h a p e s  of l o w  d i s t o r t i o n  t o  t h e  
c lass ical  180° d i s t o r t i o n  p a t t e r n s  s e e n  
j u s t  b e f o r e  e n g i n e  s t a l l  ( d e p i c t e d  i n  
f i g .  1 0 ( f ) ) .  These 180' d i s t o r t i o n  p a t -  
t e r n s  have r e l a t i v e l y  l a r g e  p r e s s u r e  
g r a d i e n t s  across t h e  e n g i n e  f a c e  wi th  
h i g h  p r e s s u r e  on t h e  i n b o a r d  s i d e  and 
l o w  p r e s s u r e  on t h e  outboard  s i d e .  The 
series of maps p r e s e n t e d  i n  f i g u r e  1 0 ( a )  
o n l y  r e p r e s e n t  e v e r y  o t h e r  d a h  poifit 
e v a l u a t e d  fo r  run 1 however, ';l"lc d i s -  
t o r t i o n  p a t t e r n s  s e e n  i n  t h i s  se r ies  of 
maps w e r e  t y p i c a l  f o r  a l l  of t h e  d i s t o r -  
t i o n  changes caused by t h e  ramp excur-  
s i o n s .  These d i s t o r t i o n  maps are a 
g r a p h i c a l  p r e s e n t a t i o n  of t h e  p r e s s u r e  
d i s t r i b u t i o n s  a t  t h e  engine  f a c e  and 
i l l u s t r a t e  t h e  c a l c u l a t e d  v a l u e s  of t h e  
d i s t o r t i o n  f a c t o r s  KO and KRA2 when 
showing whether  the i n c r e a s e  i n  d i s t o r -  
t i o n  is  r a d i a l  or c i r c u m f e r e n t i a l .  The 
c a l c u l a t e d  d i s t o r t i o n  f a c t o r s  K8 , KA2, 
KRA2, and  DTMM, however, p r o v i d e  numeri- 
ca l  v a l u e s  t h a t  can  be be t te r  e v a l u a t e d  
and  compared. 
- - 
D i s t o r t i o n  C o r r e l a t e d  With PT2AVG/PS2 
- - 
When t h e  p r e s s u r e  r a t i o  PT2AVG/PS2 
i s  compared w i t h  d i s t o r t i o n  f a c t o r s  K O ,  
KA2, KRA2, and DTMM, good c o r r e l a t i o n  
e x i s t s  f o r  a l l  f a c t o r s  except f o r  t h e  
r a d i a l  d i s t o r t i o n  f a c t o r ,  KRA2 (see 
f i g s .  1 1  ( a )  t o  1 1  ( d ) ) .  The c i rcumferen-  
t i a l  d i s t o r t i o n  f a c t o r  KO, shown i n  f i g -  
u r e  1 1  ( a )  , e x h i b i t s  a good l i n e a r  cor -  
r e l a t i o n  w i t h  PT2AVG/PS2 f o r  a l l  f o u r  
tests. The e f f e c t s  of f r e e - s t r e a m  Mach 
number, a l t i t u d e ,  or a i r f l o w  d i f f e r e n c e s  
a r e  n o t  e v i d e n t  i n  t h e  d a t a .  The DTMM 
d i s t o r t i o n  f a c t o r  a l s o  shows good c o r -  
r e l a t i o n  w i t h  no a p p a r e n t  e f f e c t  of f r e e -  
stream Mach number, a l t i t u d e ,  o r  a i r f l o w  
d i f f e r e n c e s  ( f i g .  l l ( b ) ) .  The r a d i a l  
d i s t o r t i o n  f a c t o r  KRA2 ( f i g .  1 1  ( c ) )  does 
n o t  i n c r e a s e  t o  a l a r g e  v a l u e ,  i n d i c a t -  
i n g  t h a t  o n l y  a minimal amount of r a d i a l  
d i s t o r t i o n  could  be a t t r i b u t e d  t o  the 
c l o s i n g  down of t h e  i n l e t  t h i r d  ramp. 
Therefore ,  t h e  d a t a  from f i g u r e s  I l ( a )  
and l l ( c )  show t h a t  f o r  t h e s e  c o n d i t i o n s ,  
t h e  predominant d i s t o r t i o n  i s  circum- 
f e r e n t i a l  and n o t  r a d i a l .  
- - 
The d i s t o r t i o n  f a c t o r  KA2 w a s  d e v e l -  
oped by t h e  e n g i n e  manufac turer  s p e c i f i -  
c a l l y  f o r  t h e  FIOO engine.  This  f a c t o r  
c o n s i s t s  of t h e  sum of KO, which c o r r e -  
l a t e s  w e l l  w i t h  PT2/PS2, and KRA2 m u l t i -  
p l i e d  by t h e  weight ing  f a c t o r  b ,  which 
i s  a f u n c t i o n  of a i r f l o w  ( f i g .  5 ) .  This  
can  c a u s e  KA2 t o  v ~ r y  wi th  a i r f low as 
evidenced  i n  run  2 of f i g u r e  1 1  ( d ) .  
When a i r f l o w  c o n d i t i o n s  a r e  c o n s t a n t ,  
KA2 c o r r e l a t e s  very  w e l l  w i t h  PT2AVG/PS2 
p r e s s u r e  r a t i o .  The d i s t o r t i o n  va lue  KA2 
i n c r e a s e s  r a p i d l y  p r i o r  t o  engine  s ta l l .  
-- 
- - 
I n  t h e  p r e c e d i n g  s e c t i o n s ,  i t  h a s  
been shown t h a t  d u r i n g  c o n d i t i o n s  of 
h i g h  d i s t o r t i o n  a t  t h e  e n g i n e  f a c e ,  near-  
l i n e a r  r e l a t i o n s h i p s  e x i s t  f o r  c e r t a i n  
d i s t o r t i o n  parameters. I n  p a r t i c u l a r ,  
KA2, KO, and DTMM c o r r e l a t e  very  w e l l  
w i t h  t h e  p r e s s u r e  r a t i o  PT2AVG/PS2 f o r  
t h e  f l i g h t  c o n d i t i o n s  t e s t e d .  These 
r e l a t i o n s h i p s  conf i rm t h a t  t h e  PS2 
p r e s s u r e  probe  can be u s e f u l  as a n  
e n g i n e  c o n t r o l  parameter  as shown i n  




A hub-mounted probe  t o  measure 
engine- face  s t a t i c  p r e s s u r e  w a s  e v a l -  
u a t e d  i n  a n  F-15 a i r c r a f t  f l y i n g  a t  
s u b s o n i c  speeds .  The f o l l o w i n g  a r e  
concluded:  
1. For  l o w - d i s t o r t i o n  c o n d i t i o n s ,  
t h e  r a t i o  of engine-face t o t a l  p r e s s u r e  
t o  s t a t i c  p r e s s u r e  a g r e e d  w e l l  w i t h  pre- 
v i o u s  a l t i t u d e  f a c i l i t y  d a t a .  
2. During tests i n  which t h e  i n l e t  
t h r o a t  area was reduced,  l a r g e  amounts 
o f  c i r c u m f e r e n t i a l  d i s t o r t i o n  o c c u r r e d ,  
b u t  o n l y  s m a l l  amounts of r a d i a l  d is tor-  
t i o n  o c c u r r e d .  
3.  For h i g h - d i s t o r t i o n  c o n d i t i o n s ,  
t h e  r a t i o  of  engine-face t o t a l  p r e s s u r e  
t o  s t a t i c  p r e s s u r e  c o r r e l a t e d  w e l l  w i t h  
t h e  c i r c u m f e r e n t i a l  d i s t o r t i o n  f a c t o r  
KO, t h e  f a n  d i s t o r t i o n  f a c t o r  KA2, and 
t h e  maximum-minus-minimum-over-average 
d i s t o r t i o n  f a c t o r  DTMM. 
Ames R e s e a r c h  Center 
Dryden F1 i g h t  Research  F a c i l i t y  
N a t i o n a l  A e r o n a u t i c s  and Space  
Edwards,  C a l i f o r n i a ,  May 2 ,  1983 
A d m i n i s t  r a t  i o n  
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TABLE 2. - EQUATIONS USED I N  CALCULATION OF DISTORTION 
( a )  F a n  c i r c u m f e r e n t i a l  d i s t o r t i o n  desc r ip to r  
J 
J 
w h e r e  
J = n u m b e r  of r i n g s  (probes  per l e g )  
D = r i n g  d iameter  
= r e f e r e n c e  v a l u e  o f  e n g i n e - f a c e  d y n a m i c  p r e s s u r e  head;  € u n c t i o n  ot 
e n g i n e - f a c e  Mach n u m b e r  
a N = v-, N = 1 , 2 , 3 , 4  
a n d  
P T 2 ( K a e )  - l o c a l  r e c o v e r y  a t  a n g l e  UG 
PTO 
= f a c e  a v e r a g e  r e c o v e r y  (E)
K = n u m b e r  o f  r a k e  l egs  
A0 = a n g u l a r  d i s t a n c e  b e t w e e n  r a k e  lecjs, deg 
TABLE 2. - Concluded 
( b )  Fan r a d i a l  d i s t o r t i o n  d e s c r i p t o r  
1 
KRA2 = 
I w i t h  
where 
I 
I - = r i n g  ave rage  recovery PT2* 
PTO 
= r e f e r e n c e  r a d i a l  p r o f i l e ;  func t ion  of c o r r e c t e d  engine  a i r f l o w  PT2*ba se 
.__ i PT2 
I b = r a d i a l  d i s t o r t i o n  weight ing  f a c t o r ;  f u n c t i o n  of c o r r e c t e d  eng ine  a i r f l o w  
PTO = f r e e - s t r e a m  t o t a l  p r e s s u r e  i 
( c )  Far, d i s t o r t i o n  d e s c r i p t o r  
K A 2  = K8 + b(KRA2) 
( d ) M a  x i  m u m - m i  n u s  -min imum-o ve r -a ve r a  ge  d i  s t o r  t i on 
PT2MAX - PT2MIN 
PT2AVG 
DTMM = __ 
9 




9, 140 (30,000) 
12,190 (40,000) 
9,140 (30,000) 
Run I Mach number Cowl angle, deg 
8.5 to 7.7 
7.3 t o  6.7 




105.5 to 106.5 
102.0 to 103.0 
105.5 to 107.5 











ECN I / / V i  





2- 2.5- 3 - 6-Engine stations- 7-8-9 I I 1 I Nozzleentrance 
Augmentor inlet 
an turbine exit 
-Combustor exit 
Fan turbine inlet 
Exhaust nozzle 
Exhaust nozzle e x l t d  ECN 142<0 
( a )  Engine ,  serial  number P680059. ( b )  Schematic of e n g i n e  and s t a t i o n .  
F igure  2 .  F100-PW-100 e n g i n e  w i t h  PS2 p r o b e .  
10 
Second and third 
ramp bleed exits 
-Engine Q 
Figure  3. F-15 eng ine  inlet .  
b0.457 m (17.992 in), 
(to inlet guide vanes) 
Total pressure probes (PT2) 
located in inlet guide vanes 
at centers of equal areas 
(35 probes on 7 guide vanes) \ 1 r Centers of equal areas 
PS2 probe on 
engine hub (see 
details at right) -- - 
Static port 
(4 holes - 
90° apart) 0.025 m 
(diameter) Engine 
PS2 noseprobe 
( b )  E n g i n e f a c e  p r e s s u r e  in s t rumerr  
View looking at engine face 
(not to scale) 
ECN 14251 tation. 
( a )  PS2 and PT2 probes  a t  the eng ine  
f a c e .  
F igure  4 .  F100-PW-100 eng ine  f a c e .  
1 1  
PT2 differential 
pressure transducer 
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( c )  PS2 and PT2 p r e s s u r e  measurement  
s y s t e m .  
F i g u r e  4 .  Conc luded .  
~ 
. I  
0 I 
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WAC, percent 
F i g u r e  5 .  
corrected e n g i n e  a i r f l o w .  
R e l a t i o n s h i p  o f  b w e i g h t i q  f ac tor  a s  a f u n c t i o n  Of 
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Time, sec 
F i g u r e  6 .  T i m e  h i s to ry  of P T 2 / P S 2  
d i s to r t ion  i n c r e a s e  a s  inlet  t h i r d  
ramp a n g l e  i s  i n c r e a s e d .  
0 Flight test data 
(engine serial number P680059) 
- Calibrated airiiow dateimified 
at NASA LeRC on 
engine serial number P680072 
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F i g u r e  7 .  V a r i a t i o n  of e n g i n e - f a c e  
t o t a l  probe s t a t i c  p r e s s u r e  r a t i o  
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( a )  Run 1 .  Mach 0.9; a l t i t u d e  (b) Run 2 .  Mach 0.9; a l t i t u d e  
= 12,190 m (40,000 f t ) ;  WAC, percent = 9140 m (30,000 f t ) ;  WAC, percent 
= 105 t o  107. = 101 to 103. 
F i g u r e  8 .  
t h i r d  ramp a n g l e .  
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( c )  Run 3 .  Mach 0.8; a l t i t u d e  
= 12,190 m (40,000 f t ) ;  WAC, percent 
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( d )  Run 4 .  Mach 0.8; a l t i t u d e  
= 9140 m (30,000 f t ) ;  WAC, percent 
= 105 t o  107. 
F i g u r e  8. Conc luded .  
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( d )  DTMM distortion factor .  
Figure 9 .  Distortion factors a s  a function of inlet  third ramp a W l e -  
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Inboard Outboard Inboard Outboard 
( a )  Ramp a n g l e  = 15.1"; 
PT2AVG = 30.25 M a ;  
KA2 = 0.295; 
KO = 0.0584; 
KRA2 = 0.1024; 
DTMM = 0.01048; and 
WAC, p e r c e n t  = 106.64. 
I 
I 
(b) Ramp a n g l e  = 18.5"; 
PT2AVG = 29.16 kPa; 
KA2 = 0.26054; 
KRA2 = 0.0596; 
DTMM = 0.1504; a& 
WAC, p e r c e n t  = 106.80. 
KO = 0.1222; 
Inboard Outboard 
( c )  Ramp a n g l e  = 22.4"; 
PT2AVG = 26.00 M a ;  
KA2 = 0.5508; 
K O  = 0.1861; 
KRA2 = 0.1589; 
DTMM = 0.2029; and 
WAC, p e r c e n t  = 106.3. 
Inboard Outboard 
( d )  Ramp a n g l e  = 23.8'; 
PT2AVG = 24.66 kPa; 
KA2 = 0.6042; 
Kt3 = 0.2820; 
KRA2 = 0.1401; 
DTMM = 0.2320; and 
WAC, p e r c e n t  = 105.94. 
F i g u r e  10. Engine - face  p r e s s u r e  c o n t o u r  map, Run 1.  Mach 0.9; a l t i t u d e  
= 12,190 m (40,000 f t ) .  
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Inboard Outboard Inboard Outboard 
(e) Ramp a n g l e  = 25.5O; 
PTZAVG = 22.48 kPa;  
K d  2 = 0.8634; 
K 8  = 0.586; 
KRd2 = 0,1198;  
DTMM = 0.2871; and 
WAC, percent = 105.80. 
(f) Ramp a n g l e  = 27.5O; 
PTZAVG = 20.37 kPa;  
KA2 = 1.156; 
KO = 0.820; 
KRd2 = 0.1306; 
DTMM = 0.3643; and 
WAC, p e r c e n t  = 105.35. 
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(a) K O  d is tort ion f a c t o r .  
F igure  11. R a t i o  of inlet  t o t a l  t o  s t a t i c  p r e s s u r e  
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(b) D T M M  d i s t o r t i o n  f a c t o r .  
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( c )  KRA2 dis tor t ion  factor. 
F i g u r e  11. C o n t i n u e d .  
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( d )  KA2 d i s tor t ion  f a c t o r .  
Figure 11.  Concluded . 
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